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1

IMAGING AND TEMPERATURE MONITORING
SYSTEM

FIELD OF THE INVENTION

This invention relates generally to imaging systems
and, more particularly, to systems for producing images
of objects and for monitoring the temperature of the
imaged objects.

BACKGROUND OF THE INVENTION

The efficiency and effectiveness of many industrial
processes depends on the temperatures at which the
processes are performed. For example, a kiln’s ability to
harden or dry substances depends, at least in part, upon
the kiln’s temperature. Similarly, the efficiency of a
furnace 1n converting fuel into thermal energy, and the
ability of a recovery boiler to extract chemicals from
waste material, 1s temperature-dependent.

To control a process performed by such a system, the
temperature of the system must be monitored. Informa-
tion s collected regarding the temperature of the area 1n
which the process is actually being performed. This
process area may include solid, liquid, and gaseous ob-
jects whose temperatures are to be measured. In some
instances, a general indication of the temperature of the
process area is desired. In other cases, information re-
garding the spatial distribution of temperature over the
process area 1s needed.

One of the simplest ways that information regarding
the temperature of a process area can be obtained i1s
through direct visual observation of the area. For visual
observation of temperature patterns to be possible, the
process area must be sufficiently hot to emit radiation
that can be seen by the operator. The temperature of the
process area is then interpreted based upon the color or
wavelength of the emitted radiation.

In that regard, the wavelengths and intensity of the
emitted radiation depend upon the temperature and
material composition of objects included in the area.
For a given material, the wavelength corresponding to
the peak spectral intensity 1s inversely proportional to
temperature. By observing the apparent color of the
process area, some indication of temperature can, thus,
be obtained.

Direct visual observation also advantageously pro-
vides the operator with a good deal of nonthermal in-
formation that may be useful in controlling a process.
For example, by directly viewing the process, an opera-
tor may be able to monitor objects whose location or
size, rather than temperature, influence the process. The
use of direct visual observation to monitor process tem-
perature does, however, have several limitations.

‘More particularly, the process may take place at tem-
peratures that are too high to allow direct visual obser-
vations to be easily or safely conducted. Further, direct
visual observations often provide, at best, rough qualita-
tive estimates of temperature that may be entirely inade-
quate for the required process control. In still other
instances, temperature information must be collected
from a number of sites, limiting the ability of a single
individual to directly observe the operation at each site.

To overcome the limitations of direct visual observa-
tion, a variety of remote monitoring systems have been
developed. For example, a simple system includes a
camera connected to a remote monitor or display. The
camera focuses radiation from the process area to pro-
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duce an optical image that is converted to a video image
of the area.

While a camera responsive to visible radiation may be
used, in many applications the intensity of infrared emis-
sions from the process area will be greater than emis-
sions in the visible portion of the spectrum. Further,
environmental factors related to the process environ-
ment may interfere with infrared emissions less than
visible emissions. For these reasons, an infrared camera
may be used to produce a video image representative of
the intensity of received infrared radiation and, hence,
the temperature of the viewed area.

In either case, the video image is transferred to the
monitor for display. An operator viewing the monitor
can then make a qualitative assessment of the way in
which temperature varies over the imaged area.

Temperature monitoring systems have also been de-
veloped to provide quantitative or absolute temperature
measurements. One example of such a system is the
product sold by the assignee of the present application,
Quadtek, Inc., under the trademark M702. The M702
system includes a pyrometer that is integrated into an
infrared camera, which is, in turn, coupled to 2 monitor.
The position of the pyrometer, relative to the camera, is
fixed.

In the M702 system, the camera receives infrared
radiation from the process area and provides a video
output to the monttor. The pyrometer also receives
radiation from a limited region of the process area
viewed by the camera and provides a pyrometer output
to the momtor. The monitor responds to the outputs
from the camera and pyrometer by producing a dis-
played 1image of the process area and an indication of
the temperature of the single region of the process area
monitored by the pyrometer.

A shightly more complex system is sold by E2 Tech-
nology Corp. of Ventura, Calif., under the trademark
7000-CTS. The 7000-CTS system is a scanning tempera-

ture measurement system, which includes an infrared
thermometer and a television camera. Although the

position of the thermometer relative to the camera is
fixed, a scanning head allows the position of the com-
bined thermometer and camera to be adjusted. The
camera 1s used by the operator to sight the area whose
temperature 1s monitored by the thermometer.

Although the 7000-CTS scanning thermometer sys-
tem does allow the temperature of more than one fixed
region to be determined, 1t has several limitations. First,
because both the thermometer and camera are scanned,
a relatively large, bulky, and expensive scanning head is
required. Further, due to the bulk of the scanned com-
ponents, the scanning speed of the system is limited and
may present problems when relatively continuous tem-
perature information must be collected over large or
dispersed regions of the area.

A more sophisticated temperature monitoring system
is offered by Quadtek, Inc. under the trademark CAL-
ICO. The CALICO system includes a pyrometer, video
imager, temperature analyzer, and monitor. The video
1mager 1s, for example, an infrared camera that produces
a video image representing the intensity of infrared
emissions received from the process area. The pyrome-
ter produces a reference temperature output in response
to radiation received from a single reference region
inciuded in the area viewed by the infrared camera. In
operation, the CALICO imager and pyrometer pass the

video image and reference temperature data to the tem-
perature analyzer.
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The temperature analyzer determines the shading or
coloring of the portion of the video image associated
with the reference region. The relationship between
video shading and the measured reference temperature
is then determined. As a result, the temperature analy-
zer is able to determine the absolute temperature of the
imaged area at select regions of interest, other than the
reference region viewed by the pyrometer, in the fol-

lowing manner.
The temperature analyzer first determines the loca-

tion of the select region of interest on the video image.
The temperature analyzer then computes the tempera-
ture associated with the shading of the video image at
this point. Because the relationship between shading
and temperature has already been accurately defined for
the reference point, that information can then be used to
calibrate a determination of temperature based upon the
shade of any other point on the video image.

As will be appreciated, the output of the infrared
camera of the CALICO system is used both to generate
a video image of the process area and to measure tem-
perature. The pyrometer simply provides continuous
calibration of the temperature measurements based
upon the camera output. Because the camera 1s used
both to image the area of interest and to monitor tem-
perature, its performance can typically be optimized for
only one of the two tasks.

In that regard, with the camera output used for imag-
ing, it may be desirable to alter the shading of the video
tmage to lighten or darken specific regions of the image
for better vistbility. If the camera output 1s also used for
temperature measurement, however, such shading cor-

rections might adversely influence the interpretation of

temperature. Similarly, if the displayed image generally
lacks sufficient contrast, the black level or contrast of
the image can be offset accordingly. Again, however,
such an adjustment might adversely influence tempera-
ture measurements based upon the same 1mage.

Another potential limitation concerning the use of the
camera output for imaging and temperature measure-
ment relates to the desired linearity or nonlinearity of
the two functions. In that regard, a camera having a
nonlinear response may result in good image produc-
tion, but skew temperature measurements. Alterna-
tively, a camera having a linear response may provide a
truer temperature measurement, but less useful image
information.

Finally, the minimum temperature that can be sensed
by the CALICO system 1s limited by the available
wavelength range that conventional infrared cameras
respond to. Because most conventional infrared cam-
eras respond only to radiation shorter than 1.8 microns,
the system is typically limited to monitoring tempera-
tures above 1470 degrees Fahrenheit (800 degrees Cen-
tigrade). |

In view of these observations, it would be desirable to
provide an imaging and temperature monitoring system
that produces an image of the area of interest and abso-
Jute temperature information regarding select points
within the area of interest, without exhibiting perfor-
mance tradeoffs.

SUMMARY OF THE INVENTION

This invention relates to a system for monitoring the
temperature of select regions of an area of interest. In
accordance with a particular aspect of the invention,
the system includes an imaging device for receiving
radiation from the area of interest and producing an
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image output that represents an image of the area. The
system also includes a temperature-sensitive device for
receiving radiation from at least one of the select re-
gions included in the area and producing a temperature
output that represents the temperature of the one of the
select regions. A controller is included to control which
of the at least one select regions radiation is received
from by the temperature-sensitive device.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will presently be described in greater
detail, by way of example, with reference to the accom-
panying drawings, wherein: |

FIG. 11s a block diagram of an imaging and tempera-
ture monitoring system constructed in accordance with
this invention;

FIG. 2 is a schematic illustration of a sensor head
included in the system of FIG. 1;

FIG. 3 1s an 1illustration of a translation stage that is
used to adjust the position of a pyrometer included in
the sensor head of FIG. 2;

FIG. 4 1s an illustration of an alternative construction
of the translation stage of FIG. 3;

FIG. 3 1s an illustration of another alternative em-
bodiment of the stage of FIG. 3;

FI1G. 6 1s a block diagram of a processing and control
system and various peripheral devices included in the
system of FIG. 1; and

F1G. 7 1s an illustration of a display generated by a

monitor included among the peripheral devices of FIG.
6.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to FIG. 1, an imaging and temperature
monitoring system 10 constructed in accordance with
this invention is illustrated. The system 10 includes a
sensor head 12 that i1s exposed to an environment E. The
sensor head 12 provides outputs to a processing and
control system 14 which, in turn, causes a visible image
of environment E to be displayed by peripheral devices
16, along with information regarding the temperature of
environment E. As will be described in greater detail
below, the construction of system 10 advantageously
allows both the visible image and the temperature infor-
mation to be produced simply and with heretofore una-
chieved accuracy.

Before addressing the system 10 in greater detail, the
environment E that system 10 is used with will be
briefly considered. As will be appreciated, the present
invention is useful for providing image and temperature
information relating to the status of, and processes car-
ried out in, a variety of environments E. Such environ-
ments E may include solid, liquid, and gaseous objects
that are to be imaged and whose temperatures are to be
measured.

Some of the thermal energy of these objects is typi-
cally radiated in the form of electromagnetic waves.
This radiation may include portions of both the visible
and infrared segments of the electromagnetic spectrum.
It 1s the analysis of this radiation that allows the temper-
ature of the objects to be evaluated noninvasively, i.e.,
without requiring physical contact with environment E.

In that regard, radiation from a process area P in-
cluded in environment E is received by the sensor head
12, where it 1s converted to an optical image and then an
electronic or video image of area P. The sensor head 12
also uses at least a portion of the optical image to deter-
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mine the temperature of one or more regions R located

in the process area P. The video image and temperature
“data are then transferred from the sensor head 12 to the
processing and control system 14.

The peripheral devices 16, which are coupled to the
processing and control system 14, display an image of
the process area P for the operator of system 10. The
peripheral devices 16 also provide measurements of the
absolute temperature of regions R of area P. Peripheral
devices 16 allow the operator to provide system 10 with
various inputs necessary to initiate the desired operation
of system 10.

Process controls 18 may also be included to regulate
the operation of a process within environment E. In that
regard, controls 18 receive temperature and, perhaps,
image data from system 14 and analyze that data to
determine the requisite adjustments to be made to the
process. As indicated by the broken line of FIG. 1, the
process controls 18 may also receive inputs from the
operator via peripheral devices 16.

1. Sensor Head Construction

Reviewing now the components of system 10 1n
greater detail, reference 1s had to FIG. 2. As shown,
sensor head 12 includes a number of elements. Specifi-
cally, in a preferred arrangement, sensor head 12 in-
cludes a group of optical components 20, a pyrometer
22, an adjustable translation stage 24, a video imager 26,
and electronics section 28.

The optical components 20 receive visible and infra-
red radiation from the process area P of environment E
and provide an optical image of the process area P to
pyrometer 22 and video 1mmager 26. Optical components
20 include objective lenses 30 and transfer lenses 32,
fitted within a lens tube 34. Objective lenses 30 prefera-
bly form a wide-angle element that allows an optical
image of a relatively large process area P to be formed.
The optical image is transmitted from objective lenses
30 through the series of transfer lenses 32, which collect

and collimate the image.
Optical components 20 also include a beam splitter 36

that splits the optical image formed by the components
within lens tube 34 into two components. More particu-
larly, depending upon the nature of the video imager
used, beam sphitter 36 reflects a visible or infrared wave-
length component of the optical image along a first path
I. An infrared wavelength component of the optical
image also passes through beam splitter 36 and traverses
a second path II.

The portion of the optical image traversing path I
passes through several additional optical components
20. A lens 38 passes the image to a mirror 40, which
reflects the image to video imager 26. Lens 38 focuses
the optical image for the entire viewed area on video
imager 26. Mirror 40 introduces a fold into path I to
accommodate space restrictions within sensor head 12.

The portion of the optical image traversing path Il
also passes through several additional optical compo-
nents 20. Specifically, a lens 42 passes the image to an

optical filter 44 before the image is received by pyrome- 60

ter 22. Although lens 42 focuses the infrared portion of
the optical image for the entire viewed area, as will be
explained in greater detail below, the pyrometer detec-
tor is relatively small. Thus, only a portion of the path
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the process area, actually impinges on the detector. By
adjusting the relative alignment of pyrometer 22 and the
focused optical image of the entire viewed area, how-

6

~ever, radiation can be collected from various regions R

within the imaged area. The filter 44 ensures that the
radiation passed to pyrometer 22 has the appropriate
spectral contient.

As will be appreciated, the characteristics of the vari-
ous optical components 20 can be varied depending
upon the environment is which the system is intended to
operate, as well the desired wavelengths involved in the
image and temperature measurement processes. In a
preferred arrangement, the various optical components
20, except lens 42 and filter 44, are part of a closed-cir-

cuit television camera sold by Quadtek, Inc. under the
trademark LYNX.

Reviewing now some of the other components of
sensor head 12 in greater detail, the pyrometer 22 is, for

example, a radiation pyrometer. Pyrometer 22 measures
the temperature of a hot object by focusing the thermal
radiation emitted by the object.

In a currently preferred arrangement, pyrometer 22 is
an optical radiation pyrometer, which evaluates the
incandescent brightness of a hot object to determine the
object’s temperature. Pyrometer 22 produces a single
output that effectively represents an average of the
temperature of the viewed region R. As will be de-
scribed in greater detail below, this output is used by the

electronics section 28 to determine the region’s temper-
ature.

Pyrometer 22 includes a square sensor or detector
that receives a portion of the focused optical image
corresponding to a limited region R of the process area
P. Pyrometer 22 has an effective field of view of 0.6

degrees by 0.6 degrees, when used in conjunction with
optical components 20. Thus, pyrometer 22 normally

views a region R representing roughly 0.019; of the
process area P that is viewed. As will be described in
greater detail below, however, in the preferred arrange-
ment, pyrometer 22 1s adjustably positioned for move-
ment in a plane that is orthogonal to path II of the

radiation, allowing it to receive radiation from different
regions of the process area.

Depending upon the environment E involved, py-
rometer 22 may advantageously be a one-color pyrome-
ter or a two-color pyrometer. A one-color pyrometer is
typically responsive to a limited band of radiation, cor-
responding to the pass band of filter 44. The output
produced by such a one-color pyrometer is propor-
tional to the intensity of the radiation received in that
band. In one arrangement, a pyrometer responsive to
the middle of the infrared spectrum may be used in
systems designed to measure temperatures in various
ranges spanning 400-2600 degrees Fahrenheit
(200-1430 degrees Centigrade).

A two-color, or ratio, pyrometer produces an output

that 1s based upon the ratio of the intensity of the radia-
tion recerved at two different wavelengths. A two-color
pyrometer may be advantageously used in smoky or
dusty environments, because the ratiometric analysis
allows measurements to be made with relatively little
disturbance by the smoke and dust.
- Reviewing the video imager 26 in greater detail,
video 1mager 26 receives the focused optical image of
the process area P that is transferred along path 1. Video
imager 26 responds by generating an electronic or video
image corresponding to the optical image of the viewed
process area P. | |

Video imager 26 may be any one of a variety of de-
vices, such as the camera tube of a television camera or
a vidicon. One example of a suitable video imager 26 is
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the Javelin JE2362A solid state camera including a solid
state detector, available from Javelin Electronics of
Torrance, Calif.

In the preferred arrangement, translation stage 24
moveably supports the pyrometer 22 relative to the
focused optical image that is transmitted along path II
by the optical components 20. In that regard, as shown

in FIG. 3, one embodiment of stage 24 includes a sup-
port structure 46, a pair of linear bearings 48 and 50, and

a pair of linear stepper motors 52 and 54.

The support structure 46 i1s generally movable along
x- and y-coordinate axes, as illustrated in FIG. 3. Sup-
port structure 46 in formed by a support plate 56, x-
coordinate side plate 58, and y-coordinate side plate 60,
which may be fixedly secured together or machined
from a single block of material. Pyrometer 22 is at-
tached to the rectangular support plate 56. The rectan-
gular, x-coordinate side plate 58 and y-coordinate side
plate 60 extend normal to, and form a corner with,
support plate 56.

The hinear bearings or ball shides 48 and 50 are of the
type sold by Pic Design under the part number PB04-
05. The x-coordinate linear bearing 48 is attached to the
inner surface of the x-coordinate side plate 58. Specifi-
cally, bearing 48 extends along an axis parallel to sup-
port plate 56 and spaced-apart therefrom. Similarly, the
y-coordinate linear bearing 80 is attached to the inner
surface of the y-coordinate side plate 60. Bearing 50
extends along an axis parallel to support plate 56 and
spaced-apart therefrom by a distance that is less than the
spacing between bearing 48 and plate 56. As a result,
bearings 48 and 50 are substantially perpendicular to
each other.

The linear stepper motors 52 and 54 are of the type
sold by HSI Inc. of Waterbury, Conn. under the part
number 26841-05 and are fixedly mounted relative to
sensor head 12. The x-coordinate stepper motor $§2
includes a shaft that extends normal to the y-coordinate
side plate 60 and telescopes in and out in response to
electrical inputs applied to motor 52. The projecting
end of the shaft engages a mating surface of the y-coor-
dinate bearing 50. The y-coordinate stepper motor 54
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nate side plate 88 and the shaft of motor §2 and tele-
scopes in and out in response to electrical inputs to
motor 54. The projecting end of the shaft of motor 54
engages a mating surface of x-coordinate bearing 48.

The various components of translation stage 24 coop-
erate to control the position of pyrometer 22 in the
following manner. To adjust the position of pyrometer
22 along the x-axis, an input 1s applied to the x-coordi-
nate stepper motor 52. In response, the shaft of motor 52
extends or retracts, drawing the y-coordinate bearing 50
along with it In the x-direction. Because the y-coord:-
nate bearing 48 1s fixedly attached to side plate 60 of
structure 46, structure 46 and pyrometer 22 also are
drawn 1n the x-direction. As structure 46 moves in the
x-direction, the end of the shaft of the y-coordinate
stepper motor 54 slides in the x-coordinate bearing 48,
allowing the position of the y-coordinate stepper motor
54 relative to sensor head 12 to remain fixed.

As will be appreciated, the input to the x-coordinate
motor 52 can be altered to control the extension of the
shaft and, hence, the translation of stage 24. The y-coor-
dinate motor 84 and bearing 48 are similarly used to
control motion of pyrometer 22 in the y-direction. By
controlling the x- and y-coordinates of pyrometer 22,
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pyrometer 22 1s thus able to selectively receive radia-
tion from different regions R of the process area P.

In an alternative to the arrangement illustrated in
FIG. 4, the translation stage 24 may include a rectangu-
lar frame 62, provided with a crossbar 64 upon which
pyrometer 22 1s mounted. A first stepper motor is
fixedly attached to frame 62 and is coupled to crossbar
64 by gears (not shown). The first motor and gears drive
crossbar 64 relative to frame 62 along an x-axis. Simi-
larly, a second stepper motor is fixedly attached to
crossbar 64 and coupled to a platform supporting py-
rometer 22 by gears (not shown). The second motor and
gears drive pyrometer 22 relative to crossbar 64 along a
y-axis. As a result, pyrometer 22 can be scanned in both
the x-direction and the y-direction. The stage 24 shown
in FIG. 3, however, is currently preferred because it is
simpler and does not require one of the stepper motors
to be mounted to a movable element (i.e., crossbar 64).

In yet another embodiment illustrated in FIG. §, the
translation stage 24 is constructed to fixedly support
pyrometer 22. As shown schematically in FIG. 5, in this
arrangement, a scanning mirror assembly 66 is posi-
tioned in path II. Assembly 66 includes a mirror 68 that
is gimbaled and driven by a support structure 70. By
altering the orientation of mirror 68, the portion of the
light traversing path II that impinges upon pyrometer
22 can be controlled. Although this arrangement allows
scanning to be accomplished quite rapidly, it is more
complex and expensive than the arrangement of FIG. 3.

Addressing the final element of sensor head 12, the
electronics section 28 includes a number of components.
Specifically, positioning controls 76 are included to
provide drive signals to stepper motors 52 and 54. Posi-
tioning controls 76 respond to inputs from a microcom-
puter 78, also included in electronics section 28, and
provide appropriately conditioned drive signals to step-
per motors 52 and 54. Stepper motors 52 and 54 then
initiate the desired adjustments in the position of sup-
port structure 46 and pyrometer 22.

At least one pyrometer amplifier 80 is also included in
electronics section 28. Amplifier 80 is coupled to py-
rometer 22 to amplify the analog output of pyrometer
22 suitably for further processing by, for example, an
analog-to-digital (A/D) converter 82. The A/D con-
verter 82, in turn, converts the amplified analog output
of pyrometer 22 into digital form for use by microcom-
puter 78 in determining the temperature of the viewed
region R of the process area, as described in greater
detail below.

The microcomputer 78 includes a central processing
unit (CPU) 84, memory 86, and interfaces 88. Memory
86 of microcomputer 78 is initially loaded with a pro-
gram that 1s responsible for controlling the CPU’s per-
formance of several tasks. For example, as will be de-
scribed in greater detail below, the program includes a
routine that controls the translation stage 24 and deter-
mines which portion of the radiation traversing path II
will be received by pyrometer 22. In that regard, the
program analyzes information regarding the present
position of pyrometer 22, previously stored by CPU 84,
as well as the desired change in the pyrometer’s posi-
tion, input via CPU 84 in response to information re-
ceived from the processing and control system 14. CPU
84 executes the routine to determine the outputs that
must be produced by the positioning controls 76 to
achieve the desired positional adjustment.

A second routine stored in memory 86 controls the
determination of the temperature of the region R. In
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that regard, a predetermined relationship exists between
pyrometer output and temperature for the particular
type of pyrometer and process area P involved. This
relationship 1s stored in memory 86 and is accessed by
CPU 84 to determine the temperature of the region R in
view of the output of pyrometer 22.

A communications block 90, included 1in electronics
section 28, allows information to be efficiently trans-
ferred between sensor head 12 and processing and con-
trol system 14. For example, communications block 90
preferably includes a multiplexer to multiplex the video
output of imager 26 and the digitally processed output
of pyrometer 22 for transmission to the processing and
control system 14. As will be appreciated, the multi-
plexing of video and temperature data onto the video
cable is not mandatory but 1s used to simplify the com-
munication block’s hardware requirements. Communi-
cations block 90 may also include a demultiplexer for
demultiplexing information received from the process-
- ing and control system 14, such as the desired position
of pyrometer 22 and nature of the temperature analysis
to be performed.

A video cable 92 transmits the multiplexed output
from communications block 90 to the processing and
control system 14. As will be described below, video
cable 92 also provides control signals to electronics
section 28 to achieve the desired control of the various
components of sensor head 12.

2. Processing and Control System Construction

Turning now to a more detailed review of processing
and control system 14, reference 1s had to FIG. 6. Pro-
cessing and control system 14 includes a number of
components including a communications block 94,

graphics processor 96, analog-to-digital (A/D) con-
verter 98, graphics overlay 100, digital-to-analog (D/A)
converter 102, analog current sources 104, trackball
interface 106, front panel interface 108, NTSC genera-
tor 110, and microcomputer 112.

Reviewing each of these components individually,
the communications block 94 receives information
from, and transmits information to, sensor head 12.
Specifically, communications block 94 includes a de-
multiplexer to demultiplex the video image output of
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any control signals received from sensor head 12. Com-
munications block 94 may also include a multiplexer to
- multiplex various outputs from microcomputer 112
onto video cable 92 for receipt by sensor head 12.

The graphics processor 96 produces digital outputs
that are representative of graphic elements such as cur-
sors, temperature numbers, and messages that are to be
displayed on a monitor included as one of the penipheral
devices 16. In that regard, graphics processor 96 re-
sponds to inputs from microcomputer 112. These mputs
determine the nature of the graphic elements to be pro-
duced and may be initiated by, for example, an operator
using a keyboard included in the peripheral devices 16
or by outputs from sensor head 12.

The A/D converter 98 receives the demultiplexed
analog video signal from communications block 94 and
digitizes it for further processing. The resultant digital
video 1image corresponds to a two-dimensional array of
pixels (picture elements). Each of the pixels represents
some limited portion of the process area P. In one em-
bodiment, a 512 X480 pixel digital image 1s produced.

The graphics overlay 100 recerves the digitized video
signal from A/D converter 98, along with the digital
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outputs from graphics processor 96. Graphics overlay
100 responds by producing a combined digital signal
that represents the video image generated by video
imager 26, overlaid with the graphic elements intro-
duced by graphics processor 96.

The D/A converter 102 converts the digital, gra-
phics/video output of overlay 100 into analog red-
green-blue (RGB) video signals. The analog (RGB)
video output of D/A converter 102 is also provided to
NTSC generator 110, which converts the analog video
signal into a composite color signal so that the video/-
graphics signal can be displayed on color monitors, or
recorded with a video cassette recorder, included in the
peripheral devices 16.

The trackball interface 106 is employed to digitize
and further process the inputs received from a trackball,
included as part of the peripheral devices 16. The out-
put of trackball interface 106 is applied to microcom-
puter 112 and, hence, graphics processor 96. As a result,
the trackball can be used to move cursors displayed by
a monitor included in the peripheral devices 16, as will
be described in greater detail below.

The front panel interface 108 is employed to process
the inputs received from a front panel, included among
peripheral devices 16, and microcomputer 112. As a
result, the type of temperature information to be sensed
and displayed, for example, can be input to the process-
ing and control system 14 by an operator via the front
panel.

The last component of the processing and control
system 14 to be considered 1s microcomputer 112, As
shown, microcomputer 112 includes a central process-
ing unit (CPU) 114, memory 116, and interfaces 118. As
will be appreciated from the previous discussions, CPU
114 1s responsible for controlling the operation of vari-
ous components of system 14 in response to pro-
grammed instructions stored in memory 116.

3. Peripheral Devices

Finally, reviewing the various peripheral devices 16,
as previously suggested, a number of such devices may
be included. As shown schematically in FIG. 4, for
example, peripheral devices 16 may include analog
recorders 120, a trackball 122, a front panel 124, and a
color monitor 126. Analog recorders 120 receive analog
current outputs from current sources 104. The record-
ers 120 provide a permanent record of, for example,
information regarding the temperature distribution of
monitored areas of environment E.

The trackball 122 provides inputs to trackball inter-
face 106 to indicate desired changes in the coordinates
of cursors or other elements displayed on monitor 126.
Specifically, trackball 122 is moved by the operator and
translates that motion into an input that represents the
desired change in cursor position. Trackball 122 may
also include switches used by the operator to access
functions associated with cursors or icons displayed on
monitor 126.

The front panel 124 may include, for example, an
alphanumeric keyboard used by the operator to enter
commands and information. Panel 124 may also include
soft or hard function keys used to initiate programmable
or fixed operations. Front panel 124 may further include
a display for confirming information entered through
keyboard or controls.

Finally, the color monitor 126 receives the output of
graphics overlay 100, which includes the composite
color video signals overlaid with the desired graphics
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and displays. In response, monitor 126 provides a dis-
play D, which, as shown in FIG. 7, includes an image of
the process area P. In the preferred arrangement, the
digitized image received by monitor 126 1s processed to
provide a color display D.

A plurality of cursors C are also displayed over the
image. In the arrangement shown, these cursors C are
rectangular and define or enclose various regions R
over which temperature information is to be collected
by the scanned pyrometer 22. An identification block,
located in the upper left hand corner of each cursor C,
~ includes a numeral used to identify the cursors.

The temperatures measured for the various regions R
associated with cursors C are also provided by display
D. More particularly, these temperatures are displayed
in temperature displays T, arranged along the top and
bottom of the display D. Each temperature display T
includes an identification block, located adjacent its
upper left corner, that is used to identify which cursor
the temperature display is associated with. A numeric
field displays the magnitude of the temperature of the
region R associated with the cursor. A units block,
located adjacent the upper right corner of the tempera-
ture display, displays a letter, either F. or C., that indi-
cates whether the displayed temperature magnitude 1s
m units of degrees Fahrenheit or degrees Centigrade.

4. Overal] System Operation

Having reviewed the basic construction of system 10,
its use will be considered. As a preliminary matter,
system 10 is positioned to view the process area P
within environment E. Then system 10 1s powered ON
and an initial image of the process area P 1s generated
and displayed on monitor 126, for viewing by the opera-
tor. The operator next provides inputs to system 10 via,
for example, the trackball 122 and front panel 124, to
indicate the desired temperature information to be dis-
played on monitor 126. Finally, system 10 produces and
displays the requested temperature information, along
with the image of the process area P.

Discussing each of these elements of the system’s
operation individually, with system 10 fixedly mounted
relative to the environment E and the system power
turned ON, the various programs used by microcom-
puters 78 and 112 to control the system and analyze the
information collected are initialized. Next, radiation
from the environment E 1s received by the optical com-
ponents 20 of sensor head 12.

As previously described, an optical tmage of the pro-
cess area P 1s then provided along separate paths I and
I1 to video imager 26 and pyrometer 22. The output of
pyrometer 22 is amplified by amplifiers 80 and digitized
by A/D converter 82. The video output of imager 26,
corresponding to the optical image, 1s also produced
and multiplexed with the pyrometer output onto video
cable 92 by communications block 94.

The video cabie 92 transmits the processed pyrome-
ter and video imager outputs from sensor head 12 to the
processing and control system 14. Durning this initial,
start-up phase of operation, the operator has not yet
identified the temperature information to be produced,
so further processing of the pyrometer output i1s not
performed. o

The video output is digitized by the A/D converter
98 in block 94. Because the temperature information to
be produced has not yet been selected, graphics proces-
sor 96 and graphics overlay 100 may add default graph-
ics to the basic digitized video image in the form of, for
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example, a predetermined number of cursor blocks of
predetermined size and orientation. Alternatively, pro-
cessor 96 and overlay 100 may withhold the addition of
graphics to the digitized video image until some opera-
tor input is provided.,

The video image is ultimately processed by NTSC
generator 110 for display as a visible, color image of the
process area P on monitor 126. If desired, some form of
shading correction or black level offset may be em-
ployed to enhance the image produced. Once the initial
image of the process area has been displayed on monitor
126, the operator can then select the regions R of the
displayed area whose temperatures are to be measured.

In that regard, the operator may initiate the appear-
ance of a cursor on the display D by actuating a switch
on trackball 122. Alternatively, a default cursor or cur-
sors may already be displayed. The locations and di-
mensions of the cursors are then controlled by moving
trackball 122 in the x and y directions. Graphics proces-
sor 96 and overlay 100 initiate an adjustment in the
display in response to the trackball inputs. When a dis-
played cursor has the desired parameters, the trackball
switch 1s actuated again to lock the cursor in place.

In this manner, one or more cursors C can be used to
enclose regions R whose temperatures are to be mea-
sured. The ability of system 10 to monitor the tempera-
ture of a plurality of regions is useful in a variety of
applications. For example, metal heating furnaces are
often used to uniformly heat large pieces of metal to a
desired temperature. To ensure the furnace is operating
properly, accurate information regarding the distribu-
tion of temperature across the workpiece is required.

Similarly, the ability to adjust the size and location of
a given region R monitored by system 10 can be impor-
tant for many applications. For example, the shape of
the load in many furnaces varies with time. As a result,
It may be necessary to periodically redesignate the re-
gion R whose temperature is to be measured.

As will be appreciated, the operator may also input
additional information for use by system 10 via the front
panel 124. For example, the operator may enter an in-
struction indicating whether the average, maximum,
and/or minimum temperatures of the regions R identi-
fied by the cursors are to be displayed, or what type of
color palette i1s to be used with the screen. Similarly,
front panel 124 may be used to indicate which ones of
the various peripheral devices 16 outputs will be used as
output devices.

Once microcomputer 112 has received and stored
these various inputs, system 10 next collects and dis-
plays the information requested. In that regard, the
pyrometer 22 and video imager 26 continue to provide
outputs to processing and control system 14 in the man-
ner previously described. Because system 10 has now
been mstructed to collect specific temperature informa-
tion, however, the output of pyrometer 22 is processed.

To 1illustrate how that output is processed, first as-
sume that a single cursor C 1s entered on the display,
indicating that the temperature of a single region R of
the process area P is to be measured. Also, assume that
the region R identified by the cursor C is the same size
as the area normally viewed by pyrometer 22, and that
translation stage 24 has been used to position pyrometer
22 so that 1t receives radiation from the actual region R
whose temperature is to be measured. Given these as-
sumptions, the output of pyrometer 22 continuously
provides all the information required to produce the
desired temperature outputs.
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As a result, microcomputer 78 computes the tempera-
ture of region R and the demultiplexed output from
communications block 90 is used by microcomputer 112
to generate the desired temperature display at monitor
126. In that regard, because the entire region R is 5
viewed by pyrometer 22, the resultant temperature
measurement is effectively an average temperature of
the region R. If the maximum or minimum temperature
is also desired, microcomputer 112 simply monitors
temperature over some programmed interval of time
and initiates the display of the maximum or minimum
temperature measured during that interval.

Having reviewed the basic processing of the pyrome-
ter’s output, more complicated scenarios are now to be
considered. In that regard, first assume that a single 15
region R has been selected with a cursor and the size of
the region R corresponds to the pyrometer’s field of
view, but that the position of the pyrometer 22 does not
presently correspond to the region identified by the
Cursor.

The CPU 114 first determines the coordinates of the
cursor relative to the display D, along with the present
coordinates of pyrometer 22 relative to the adjustment
range of translation stage 24. By accessing a compara-
tive scale between the two coordinate systems, stored in
memory 116, CPU 114 can then determine the change
in the pyrometer’s position that 1s required to cause
pyrometer 22 to receive radiation from the region R of
interest. An output indicative of the desired change 1s
then provided to the positioning controls 76 on sensor 30
head 12 to initiate the desired adjustment in translation
stage 24 and pyrometer 22. At that point, the output of
pyrometer 22 is processed in the manner described
above and the desired temperature mformation dis-
played in the temperature display T adjacent the image 33
of process area P.

Next, consider the situation where the field of view of
pyrometer 22 no longer corresponds to the area of the
region R whose temperature is to be measured. As will
be appreciated, if the region R is smaller than the region 40
that pyrometer 22 receives radiation from, the output of
pyrometer 22 can be used directly, although 1t may be
influenced by the temperature of objects outside the
region imaged within the cursor. If desired, the display
D may include an output indicating that the tempera-
ture measurement might be biased by objects outside
the region R.

Alternatively, the area viewed by pyrometer 22 can
be reduced. As will be appreciated, this could be ac-
complished by adding an adjustable aperture to optical 50
path I and instructing CPU 114 to regulate the size of
the aperture in accordance with the size of the region R.
Due to the added complexity of such an arrangement,
however, it is not presently preferred.

If the region R whose temperature 1s to be measured
~ is larger than the pyrometer’s field of view, pyrometer
22 can be scanned to collect information regarding the
temperature of the entire region R. In that regard, CPU
114 responds to programmed instructions to initiate
motion of translation stage 24 and pyrometer 22 in the
manner described above. Specifically, CPU 114 contin-
uously executes the program, causing incremental ad-
justments in the pyrometer’s position until the entire
region is scanned. The analyzed output of pyrometer 22
from sensor head 12 is stored by CPU 114 at each such
position.

Then, when pyrometer 22 has been scanned over the
entire region R, CPU 114 determines and displays the
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average, maximum, and minimum temperatures for the
scanned region, as desired. As will be appreciated, these
displays can be updated each time a new scan is com-
pleted. The maximum rate at which translation stage 24
and pyrometer 22 can be scanned, while still producing
accurate data, are dependent upon various aspects of
the pyrometer 22, environment E, and stage 24. Below
that maximum rate, however, the scan speed of the

pyrometer can be set by the operator as part of the
initialization at block 132.

Finally, assume that the temperature of more than
one region R of the process area P is to be monitored. In
that regard, appropriate cursors identifying the various
regions R are entered into the display D. CPU 114 then
initiates scans of translation stage 24 and pyrometer 22
over each of the regions R in sequence, as described
above. The output of pyrometer 22 is stored during the
scan of each region and the desired temperature infor-
mation computed by CPU 114 and displayed.

As will be appreciated, with an image of the process
area P and the temperature of various regions of interest
displayed, an operator can then evaluate the process. As
part of that evaluation, the operator may review the
image to determine whether environmental factors may
be disturbing the temperature measurements produced.
The information collected can then be used as feedback
to control the process via process controls 18.

The construction and use of system 10 in the preced-
Ing manner has a number of advantages over prior art
imaging and temperature monitoring systems. In that
regard, the combined use of imaging and temperature
information allows process conditions to be more accu-
rately evaluated by, for example, using the imaging
information to determine the likely accuracy of the
temperature information. Because the system uses a
video 1imager to collect the image data and a separately
scanned pyrometer to collect all of the temperature
data, however, imaging can be enhanced through the
use of shading correction and black level offset without
impacting the temperature data. Finally, the use of the
scanned pyrometer to separately collect the tempera-
ture data advantageously allows broader wavelength
sensitivity to be achieved than if a video imager is used
to collect temperature information.

5. Specific Applications

- ‘To further illustrate the use and advantages of system
10, a few applications of particular interest will now be
considered. One such application of interest involves
the viewing of burner flames. In that regard, to optimize
the operation of most industrial burners both the shape

- and temperature of a number of separate burner flames

must be observed. However, given the irregular shape
of the flame, conventional systems have difficulty mea-
suring the flame’s temperature. Further, smoke and dust
present in the burner environment may obscure the
flame.

A system 10 used to monitor burner flames advanta-
geously employs a two-color pyrometer 22. The ratiom-
etric approach used by the two-color pyrometer 22
reduces obscuration mmtroduced by smoke and dust.
Also, the two-color pyrometer 22 allows the tempera-
ture of irregularly shaped flames to be easily measured.

In that regard, because the two-color pyrometer 22
responds to relatively short wavelength radiation, the
output of pyrometer 22 is almost entirely indicative of
the hottest objects 1n its field of view. As a result, even
if a burner flame forms only twenty percent of the mea-
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surement region defined by a cursor on the display D,
the output of pyrometer 22 will represent the flame’s
temperature rather than the temperature of the back-
ground region. |

As will be appreciated, system 10 may also be used in

~a variety of other environments E, such as furnaces,

kilns, and chemical recovery boilers to monitor process
conditions. In addition, system 10 may be used in rela-
tively cool environments to monitor objects such as
integrated or printed circuits.

Those skilled in the art will recognize that the em-
bodiments of the invention disclosed herein are exem-
plary 1n nature and that various changes can be made
therein without departing from the scope and the spirit
of the invention. In this regard, and as previously men-
tioned, the invention 1s readily embodied with a video
imager that responds to visible or infrared radiation.
Similarly, the pyrometer used may be any one of a
variety of different types. Further, it will be recognized
that the construction and operation of the translation
stage may be varied, depending, for example, on the
scanning requirements imposed by the environment.
For example, a translation stage that 1s adjustable in one
dimension could be used if temperature information is to
be collected from only a linear arrangement of regions
within the environment. Alternatively, a translation
stage that is adjustable in three dimensions could be
used to alter the pyrometer’s effective field of view in
response 10 adjustments in cursor size. Because of the
above and numerous other variations and modifications
that will occur to those skilled in the art, the following
claims should not be limited to the embodiments illus-
trated and discussed herein.

The embodiments of the invention in which an exclu-
sive property or privilege 1s claimed are defined as
follows:

1. A system for monitoring the temperature of select
regions of an area of interest, said system comprising:

imaging means for receiving radiation from the area

of interest and producing an image output that
represents an image of the area;

display means, responsive to said image output, for

displaying an image of the area;

selection means for allowing at least one select region

of the area to be selected on the image displayed by
said display means;

temperature-sensitive means for receiving radiation

from the at least one select region and producing a
temperature output that represents the temperature
of the selection region; and

control means, responsive to said selection means, for

controlling which of the at least one select regions
radiation is received from by said temperature-sen-
sitive means.

2. The system of claim 1, wherein said display means
is further for receiving said temperature output and for
displaying the temperature of the one select region.

3. The system of claim 2, further comprising process-
ing means for enhancing said image output and said
temperature output for display.

4. The system of claim 3, wherein said processing
means is for enhancing said image output to correct the
shading of the image displayed without influencing the
temperature output.

5. The system of claim 1, wherein the area emits
radiation, said imaging means comprises a video imager
for producing a video output in response to radiation
received from the area, and said temperature-sensitive
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means comprises a pyrometer for producing a pyrome-

ter output in response to radiation from the one of the
select reglons.

6. The system of claim 1, wherein said control means
comprises adjustable support means for supporting said
temperature-sensitive means relative to said imaging
means for movement in two dimensions.

7. The system of claim 6, wherein said control means
comprises processing means for producing a positional
output indicative of a desired position of said tempera-
ture-sensitive means relative to said area, and drive
means for adjusting said adjustable support means in
response to said positional output.

8. The system of claim 6, wherein said adjustable
support means comprises: |

a support structure coupled to said temperature-sensi-
tive means;

a first bearing, coupled to said support structure and
extending in a first direction;

a second bearing, coupled to said support structure
and extending 1n a second direction that is substan-
tially perpendicular to the first direction:

a first motor having a telescoping shaft, said motor
being fixedly supported relative to said imaging
means and said shaft being engageable with said
first bearing to induce translation of said first bear-
ing and said support structure in the second direc-
tion; and

a second motor having a telescoping shaft, said motor
being fixedly supported relative to said imaging
means and said shaft being engageable with said
second bearing to induce translation of said second
bearing and said support structure in the first direc-
tion.

9. The system of claim 1, wherein said control means
comprises adjustable mirror means for controllably
directing radiation from the at least one select region to
sald temperature-sensitive means.

10. The system of claim 9, wherein said positional
output produced by said control means is indicative of a
range of positions through which the temperature-sensi-
tive means is to be scanned by said adjustable support
means.

11. The system of claim 10, wherein said range of
positions indicated by said positional output is adjust-
able.

12. The system of claim 1, wherein the area emits
radiation and wherein said system further comprises
first and second optical paths for transmitting the radia-
tion, said imaging means receiving radiation along said
first optical path and said temperature-sensitive means
receiving radiation along said second optical path, at
least a portion of said first and second optical paths
being common.

13. A method of collecting information about an area
of interest that emits radiation and includes a plurality
of regions, said method comprising the steps of:

supporting a pyrometer relative to a video imager in
a predetermined relative alignment;

receiving the radiation emitted by the area with the
video imager to produce a video output that repre-
sents an image of the area;

receiving the radiation emitted by one region of the
area with the pyrometer to produce a temperature
output that represents the temperature of the re-
gion; and

adjusting the predetermined relative alignment be-
tween the pyrometer and video imager to allow the
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pyrometer to receive radiation from a different one

of the piurality of regions.
14. The method of claim 13, further comprising the

step of displaying the image of the area, the position of

the one region with respect to the area, and the temper-
ature of the region.

15. The method of claim 14, wherein said step of

adjusting comprises the steps of:

identifying a select region of the image of the area

displayed; and

providing an output to an adjustable translation stage

that supports the pyrometer to adjust the position
of the pyrometer relative to the radiation received
in response to the select region identified.

16. An imaging and temperature measuring system
for producing an image of an area and for measuring the
temperature of select regions within the area, said sys-
tem comprising: |

optical imaging means for producing an optical image

of the area;

video imaging means for receiving the optical image

and producing a video image,;

temperature measurement means for receiving a lim-

ited portion of the optical image corresponding to
a select region of the area and producing a direct
temperature measurement in response to the lim-
ited portion of the optical image;

adjustment means for adjusting the himited pdrtion of

the optical image received by said temperature
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measurement means to allow the temperature of 30

different select regions of the area to be measured;
and
display means for receiving the video image and di-
rect temperature measurement and displaying a
visible image of the area and the temperature of a
select region.
17. A system for producing a visible image of an area
that 1s emitting radiation and for measuring the temper-
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area, sald system comprising:

optical image collection means for receiving radia-
tion emitted by the area and producing an optical
image of the area; |

optical image splitting means for splitting the optical
image of the area into a first part and a second part;

video imaging means for receiving the first part of the
optical image and producing a video image, repre-
sentative of the entire area, in response thereto:

a pyrometer for receiving a limited portion of the
second part of the optical image, representative of
a limited portion of the area, and producing a tem-
perature output in response thereto;

translation means for movably supporting said py-
rometer relative to the second part of the optical
image to adjust the limited portion of the second
part of the optical image received by the pyrome-
ter;

selection means for producing a selection output rep-
resentative of a select region of the area whose
temperature 1s to be measured:

control means for receiving the selection output and
providing a control signal to said translation means
to adjust the limited portion of the second part of
the optical image to correspond to the select re-
gion;

processing means for receiving the temperature out-
put of said pyrometer and producing a regional
temperature output indicative of the temperature
of the select region; and

display means for receiving the video output, selec-
tion output, and the regional temperature output
and displaying a visible image of the area, identify-
ing the select region on the visible image, and dis-
playing the absolute temperature of the select re-
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